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ABSTRACT
The effects of practice composition on retention performance of motor 
skills have been investigated by many researchers (e.g., Shea, Kohl, & 
Indermill, 1990) and the order of task presentation during practice has 
been determined to be critical in skill retention. Specifically, presenting a 
subject with several versions of a task typically produces poorer 
performance during practice but superior performance during retention, 
relative to a situation in which the same version of the task is presented 
repeatedly. This concept is known as contextual interference. Typically, it 
is the switching between task versions that is considered the critical 
manipulation, while the consistency of switching is ignored. This 
experiment was designed to examine the consistency of task switching. 
Four groups were examined to determine if the consistency of task 
switches is also important in the retention of a force production task. 
Although no statistical differences were found between the groups in this 
experiment, explanations are provided and potential future studies are 
proposed.
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CHAPTER 1
LITERATURE REVIEW
The cognitive processing involved in skill acquisition has been 
researched extensively in the area of motor learning (Lee & Magill, 1983; 
Shea & Kohl, 1991; Shea, Kohl, & Indermill, 1990; Shea & Morgan, 
1979). One of the concepts associated with these cognitive processes is 
called contextual interference (Battig, 1979), and relates to how 
information held in memory is affected by competing or interfering 
information. The result of contextual interference manipulations is an 
examination of how the composition of practice schedules effects 
retention performance of a motor skill. Specifically, the order of task 
presentation during acquisition has been determined to be critical in skill 
retention. Typically, presenting a subject with several tasks during 
practice produces poorer acquisition performance but superior retention 
and transfer performance relative to a situation in which only one task is 
presented (Lee & Magill, 1983; Magill & Hall, 1990; Shea et al., 1990; 
Shea & Morgan, 1979).
1
Verbal-Learning Perspective
The contextual interference effect was first described by Battig 
(1979) in the verbal learning literature. Battig (1979) used the term 
contextual interference to describe the “interference produced by the 
context of other items and the ways in which they are processed” (p. 27). 
He used the term contextual variety to explain differences in items 
presented across trials during acquisition. He suggested that “increased 
contextual variety can produce more elaborate and distinctive processing 
that leads to better delayed retention, especially under changed 
contextual conditions at the time of retrieval” (p. 34). This concept 
suggests that concurrent processing of more than one task, or version of 
a task, causes interference which hinders acquisition performance but 
enhances retention performance. Thus, according to Battig’s terminology, 
contextual interference is increased by increasing the contextual variety of 
the task(s) presented. Within the verbal learning literature, Battig (1979) 
suggested that interference occurs when dissimilar tasks are presented, 
or when variations of one task are presented. This interference 
necessitates more extensive processing on the part of the individual. This 
increased processing, in turn, produces the acquisition and retention
performance effects described above. Essentially, increasing contextual 
variety makes processing more cognitively effortful. Increasing cognitive 
effort typically decreases initial performance but facilitates information 
encoding. Interestingly, prior to Battig's work, researchers generally 
believed that any interference during practice would negatively influence 
both practice and retention performance (Henry, 1968).
Battig’s findings and explanation may be supported by earlier work 
done by Jacoby (1978), who suggested that when different tasks are 
presented to a subject, that subject remembers the actual processes 
required to solve the problem rather than merely remembering the 
solution. Thus, the subject is able to make comparisons of different 
versions of the solution in short term memory.
Battig (1979) further proposed that when learning highly similar 
“tasks”, greater processing demands are placed on an individual than 
when learning dissimilar tasks. The increased processing demands 
require an individual to engage in multiple and variable processing 
strategies to make associations with, and distinguish between, different 
versions of a task, thus increasing the cognitive effort on the part of the 
individual. Practice under high contextual interference situations, then, 
facilitates more elaborate and distinctive processing of the to-be-learned
material (Battig, 1979; Jacoby & Craik, 1979). Again, this greater effort 
hinders practice performance but ultimately enhances performance in 
retention and transfer.
Cuddy and Jacoby (1982), in a study of associated word pairs, 
described the use of "spaced" or "distributed" practice. Practice under 
either of these schedules facilitates “forgetting” of the task, which is a 
result of either passive forgetting or active interpolation of interfering 
activity. This forgetting will, in turn, facilitate retention by increasing 
processing demands on the individual. This concept, known as the 
forgetting hypothesis, has also been described in the motor learning 
literature by Magill and Lee (1985).
A related phenomenon, transfer appropriate processing, was first 
described by Bransford, Franks, Morris, and Stein (1979), and later by 
Lee (1988) in the motor learning literature. This idea suggests that an 
individual can utilize (or transfer) information learned during acquisition 
when tested in retention or transfer situations depending upon the 
meaning of the information to the individual. Thus, the information that is 
more meaningful to the individual will be more strongly represented in the 
individual's memory. The information with stronger memory 
representation will be more easily accessed by the individual during
retention and transfer situations than information that has a weaker 
memory representation. Bransford et al. (1979) suggested that the 
individual's current knowledge base and skill level are critical in acquisition 
of new tasks, and that as either of these increase, the individual is able to 
process information at a deeper level.
Motor Learning Perspective
Shea and Morgan (1979) were the first in the field of motor 
behavior to study the contextual interference effect. In their study 
subjects were required to pick up a ball, knock down a series of barriers, 
then replace the ball. The groups differed in terms of acquisition 
schedules. One group knocked down the barriers in the same sequence 
for all trials of a sequence before moving to the next sequence. This 
group was labeled the blocked group because sequences were presented 
in a blocked order. In the other group, the order of barriers to be knocked 
down varied on each trial. This group was labeled the random group 
because sequences were presented in a random fashion. Movement time 
was the dependent measure in this study. The results showed that 
movement time for the blocked group (i.e., low contextual interference 
acquisition) was faster during initial acquisition than the random group
(i.e., high contextual interference acquisition), but by the end of acquisition 
subjects in both groups performed similarly.
Groups were tested in ten minute retention and ten day transfer 
conditions. Subjects in each acquisition group (blocked or random) were 
tested in either blocked or random retention. Subjects in the random 
acquisition groups outperformed subjects in the blocked acquisition 
groups across all conditions in the ten minute retention test. For the ten 
day retention test those in the blocked acquisition to blocked retention 
demonstrated less error and faster movement time than the random to 
random group. The random to blocked group performed better in 
retention than did the blocked to random. Also, random acquisition 
groups in both retention conditions performed better in the transfer test 
than did the blocked acquisition group. Higher levels of contextual 
interference then facilitate greater adaptability to learn or produce in novel 
situations and provide for less dependence on the original context in 
which information was presented.
Magill and Hall (1990) proposed two hypotheses for contextual 
interference effects, the elaboration and reconstruction hypotheses. The 
elaboration hypothesis was develoiped forcontextual interference effects 
that occur when an individual is learning tasks that are within the same
motor program, or action plan. An action plan is defined as a 
prestructured set of central commands which, once initiated, continues 
without the benefit of feedback (Schmidt, 1988). Tasks from the same 
action plan have the same relative timing and relative force, but vary in 
terms of absolute timing, absolute force, and the choice of muscles 
selected. Tasks that are from different action plans, at the very least, vary 
in terms of relative timing and force.
According to Magill and Hall (1990) then, the reason contextual 
interference effects are beneficial to learning is that the individual is 
required to develop a more elaborate memory representation than if only 
one version of a task is presented during acquisition. Magill and Hall 
(1990) expand on this rational by suggesting that the more elaborate 
memory representation may result from two independent reasons and that 
these two reasons are dependent upon the types of contextual 
interference presented.
The first reason given by Magill and Hall (1990) for the elaboration 
hypothesis is that the individual develops a more elaborate memory 
representation if multiple versions of a task are to be learned. This 
hypothesis, which is based on Battig's (1979) work, suggests that in 
situations of high contextual interference, an individual will need to utilize
multiple and variable encoding processing strategies to learn the given 
information. That is, in a situation in which more than one version of a 
task is present in working memory at any given time, the individual has an 
opportunity to make comparisons between versions of the task. This is in 
contrast to a situation in which the same version of the task is presented 
repeatedly. In this later case, the individual is not required to make 
comparisons between versions, thereby decreasing the necessary effort 
expended to process information. Logically, the subject is better able to 
establish relationships among versions of the task when multiple versions 
of the task are presented. These relationships enhance future action plan 
reconstruction. Interestingly, Magill and Hall (1990) noted that their 
hypothesis is in direct contrast with Battig’s (1979) original idea. Magill 
and Hall’s (1990) hypothesis suggested that as responses are more 
similar, contextual interference effects decrease, whereas Battig (1979) 
suggested that as tasks are more similar, contextual interference effects 
increase. Battig (1979) suggested that greater contextual interference 
effects occur with greater task difficulty, which Magill and Hall (1990) 
proposed occurs when a subject is presented tasks of different action 
plans. Thus, according to Magill and Hall (1990), greater contextual 
interference effects should exist in movements of different action plans
than of the same action plan. However, the distinction between verbal 
and motor “tasks” may not be prudent. Battig’s use of the terms similar 
and dissimilar tasks within the verbal learning literature can not be directly 
compared to tasks of the same or different action plans (Magill &Hall 
1990).1
The second reason given by Magill and Hall (1990) for the 
elaboration hypothesis suggests that the learner uses different encoding 
strategies for multiple versions of the task. The learner then develops 
more distinctive and elaborate memory representations than if only one 
encoding strategy is used. Therefore, memory representations will be 
strengthened, and improved retrieval pathways from long term memory 
will be established (Shea & Zimny, 1983).
' Battig discussed similar and dissimilar “tasks" within the verbal learning literature. 
Examples of similar tasks include similar words, either from a phoneme or meaning base. 
Dissimilar tasks then, would be words that differ in phoneme or meaning. Because the 
domains of verbal and motor learning have aspects unique to each, a direct comparison 
between what is similar and dissimilar between domains is difficult. The distinction 
between verbal and motor “tasks" is important to note because comparisons between the 
domains have been made regarding contextual interference. These comparisons may 
not be prudent. For example, Battig’s use of the terms similar and dissimilar tasks within 
the verbal learning literature have been compared to tasks of the same or different action 
plans (Magill &Hall 1990).
One study used to support the elaboration hypothesis was done by 
Shea et al. (1990) who examined contextual interference effects in a force 
production task. In their study subjects were asked to strike a force 
transducer in an attempt to reach a predetermined target as displayed on 
a computer monitor. Subjects were assigned to either a blocked or 
random acquisition group, and either a blocked or random retention 
group. Acquisition groups were either 50, 200, or 400 trials.
Shea et al. (1990) found that subjects in the random acquisition 
group demonstrated less error those in the blocked groups when tested in 
retention in all situations except in the group that received only 50 
acquisition trials. The blocked group performed superiorly in retention 
when fewer acquisition trials were presented. Additionally, they found that 
the 200 trial group performed significantly better than the 50 trial group, 
but that there was little difference between the 200 and 400 trial groups.
Of critical importance in this study is the fact that subjects in the 
random acquisition group performed better in retention than those in the 
blocked acquisition group, even when tested under blocked conditions. 
Conversely, those in the blocked acquisition group demonstrated poorer 
performance during retention than those subjects in random acquisition 
group. Similar contextual interference effects have also been
demonstrated when the manipulation is between action plans (Lee & 
Magill, 1983).
The second hypothesis for contextual interference effects offered 
by Magill and Hall (1990) is the reconstruction hypothesis which is geared 
toward manipulations between action plans. This hypothesis suggests that 
in situations of high contextual interference, increased learning is due to 
an increased effort by an individual to reconstruct an action plan. Magill 
and Hall (1990) borrow from the forgetting hypothesis of Jacoby (1978) 
and Cuddy & Jacoby (1982) from the verbal learning literature regarding 
spacing effects and massed and distributed practice. In this instance, 
processing strategies may have been “either completely or partially 
forgotten due to the intervening practice trials or the other skill variations” 
(Magill & Hall, 1990, p.269), resulting in more processing effort by the 
learner. Since one requires effort to reconstruct an action plan in random 
practice, one develops a stronger representation of the skill and its 
retrieval cues. In retention and transfer tests performance is enhanced 
due to similarities between processing demands required during practice, 
retention, and transfer (Magill & Hall, 1990).
Magill & Hall (1990), then, suggest that learning tasks that are from 
different action plans may be a more difficult task than learning tasks that
are from the same action plan. This is because higher levels of contextual 
interference occur during the practice of different action plans, requiring 
more effortful processing on the part of the learner than that which is 
required for parameter variations that occur within tasks of the same 
action plan.
Evidence to support the reconstruction view is provided by Lee and 
Magill (1983). Several aspects of the Lee and Magill (1983) study were 
consistent with that of Shea and Morgan (1979). For example, a barrier 
knock down task was used and two of the three acquisition groups 
(blocked and random) replicated Shea and Morgan’s study. Lee and 
Magill added a third acquisition group, a serial group in which items were 
presented in a consistent sequential order (i.e., A,B,C, A,B,C, ..., etc.)
The serial group was included to determine if the locus of contextual 
interference is a result of event predictability or increased cognitive 
processing required of the subjects to learn the task variations. Their 
results showed that subjects assigned to a serial acquisition group 
performed similarly to those in the random acquisition group. They 
concluded that subjects needed to actively regenerate aN action plan with 
each trial rather than passively remember the same action plan, as in the 
blocked condition. This, they concluded, “causes the learner to adopt a
more cognitively effortful problem solving approach” (p.744).
The concept of more cognitive effort was investigated by Shea and 
Zimny (1983) who asked subjects to describe verbally their thoughts while 
performing a task in either a blocked or random sequence. Subjects in 
the blocked group reported more automatic movements while those in the 
random group reported more comparisons between the tasks. Also, 
increased processing activity was reported when subjects were aware of a 
retention test.
Shea and Zimny (1983) concluded that subjects in the blocked 
acquisition group did not utilize as well developed processing operations 
during acquisition than subjects in the random acquisition group. 
Additionally, those in the random acquisition group can retrieve 
information from long term memory more effectively than those in the 
blocked acquisition group, suggesting that subjects have a greater ability 
to “remember” as a result of multiple and variable processing.
The superiority of retention performance by subjects in random 
acquisition groups in the previous experiments helps support Schmidt’s 
schema theory (1975). A schema, according to Schmidt is an abstract set 
of rules or generalizations an individual has about a particular movement, 
similar to what has been referred to as an action plan. When called upon
for a particular movement, an individual retrieves an appropriate schema, 
customizes it for the particular action by adjusting or setting the 
appropriate parameters, then executes the movement. When practicing 
tasks either of the same or different action plan, a random practice 
situation will cause the individual to reconstruct the movement parameters 
in each trial, increasing the effort of information processing, thus 
strengthening schema formation.
Wulf and Lee (1993) examined contextual interference effects in 
movements requiring the same relative timing [generalized motor program 
(GMP) learning] and in movements requiring different overall timing 
(parameter learning). They found that random practice was more 
effective for the learning of movements which had the same relative timing 
(GMP learning), and less effective for movements requiring different 
overall timing (parameter learning). They interpret these finding to 
support the elaboration hypothesis of Magill and Hall (1990) as one can 
make comparisons between versions of the same task even though Magill 
and Hall(1990) suggest that contextual interference effects are more 
evident between action plans than within action plans.
Error measures
There are several error measures that have been used extensively 
in contextual interference research. These include constant error (CE), 
variable error (VE), absolute error (AE), and, more recently, root mean 
square error (RMSE).
Constant error measures the average response bias. That is, the 
CE is used to determine the average error from the target taking into 
consideration the sign of the error score (if the response is above or below 
the target score). To calculate the CE, the target score is subtracted from 
each response. This number is then divided by the total number of 
responses. The CE does not take into account response inconsistency. 
Thus, the CE for two different subjects may be the same for the average 
error about a target, however, one subject may be very consistent in 
responses whereas the other may be very inconsistent.
Variable error measures the response variability about the mean. 
This is calculated by subtracting the subject’s mean response from each 
individual response. As in the CE, that number is then divided by the total 
number of responses. The VE is used to evaluate the consistency of 
responses of a subject about the mean of that subject’s responses. This 
score does not take into account, however, if the subject is close to the
target. A subject potentially could have a very low VE and a very high CE. 
This subject, then, may be very consistent with scores that are not close 
to the target.
Absolute error measures the subject’s overall error in responding 
without calculating the error bias. The AE takes the absolute value of each 
response and subtracts from it the response target. By using the absolute 
value of the score, the overall accuracy is determined without regard to 
response bias or direction.
The last error score, root mean square error, is an overall error 
score that measures both accuracy and variability (Wulf & Lee, 1993). To 
calculate the RMSE, the target response is subtracted from the absolute 
value of the actual response. As in the other error scores this number is 
then divided by the total number of responses. The square root of that 
number is then obtained. This the preferred measure as both subject 
accuracy and variability are measures of interest in this study.
CHAPTER 2
INTRODUCTION
The order of task presentation during practice has been determined 
to be critical in skill retention. Specifically, presenting a subject with 
several versions of a task produces poorer practice performance but 
superior retention performance relative to a situation in which the same 
version of the task is presented repeatedly. This concept is known as 
contextual interference.
For the most part, investigations of contextual interference have 
used two conditions: blocked and random (e.g., Shea & Morgan, 1979). 
The blocked condition requires a subject to complete a series of trials on a 
particular task prior to switching to a second task or version of that task 
while the random condition requires subjects to randomly switch between 
tasks (or versions of a task). The manipulations between conditions then, 
have been of both the number of times the performer switched between 
tasks and the consistency of switching. Obviously, the random conditions 
had a higher number of switches and greater variability of switching than 
did the blocked condition. This fact makes distinguishing which variable
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(frequency or variability of switching) is most critical in contextual 
interference effects.
One exception to the simultanious manipulation of frequency and 
variability of switching is a schedule of contextual interference called serial 
order presentation. Serial order presentation is a presentation of tasks in 
a sequential order (e.g., ABCABCABC) and has been shown to elicit 
traditional contextual interference effects (Lee & Magill, 1983; Sekiya, 
Magill, Sidaway, & Anderson, 1994; Wulf & Lee, 1993). Additionally, Lee 
and Magill (1983) compared blocked, random, and serial order of practice 
schedules and found no difference in the retention performance of 
subjects who were in either a random or serial acquisition group. Their 
results concurred with previous studies suggesting that frequency of task 
switching, rather than predictability of switching, was the major influence 
on acquisition and retention effects.
Using a contextual interference-like manipulation, Guadagnoli and 
Kohl (1994) examined the consistency of task switches within a 
knowledge of results (KR) paradigm. KR is defined as augmented post­
response error information about the outcome of a movement (Schmidt,
1988). In this study subjects were either provided KR or not provided KR 
in blocks of six trials. Groups were divided into either a constant condition
or a varied condition. The constant condition had subjects switch in a 
consistent, or constant fashion, between KR and no-KR trials. For 
example, one group reversed from no-KR to KR trials every six trials for 
the first 3 blocks, then reversed from no-KR to KR every twelve trials for 
the remaining 3 blocks. Subjects in the variable condition switched 
between KR and no KR trials in blocks of six or twelve trials in a variable 
fashion. All groups were equated for the number and distribution of KR 
and no KR trials, and switches. Therefore, the manipulated variable was 
the consistency with which the tasks switched from no-KR trials to KR 
trials.
Guadagnoli and Kohl (1994) found that the variable group 
demonstrated less error in retention than did the constant group. They 
concluded that for the variable group, short term memory was purged of 
response strategies and subjects were required to reconstruct an action 
plan for each subsequent response as they could not depend on whether 
or not KR was to be provided. This conclusion is similar to those found for 
the contextual interference effects.
Previous research into contextual interference effects have 
suggested that the number of task switches during skill acquisition is the 
critical variable to the contextual interference effect (Lee & Magill, 1983,
Magill & Hall, 1990). Lee and Magill (1983) concurred that the total 
number of switches is important but suggested that the order of switches 
is not important. However, Guadagnoli and Kohl (1994) suggest the order 
of task switches is important, at least in regard to KR.
The present study examined the effect of the consistency of 
switches between similar tasks within a contextual interference paradigm. 
The number of trials of each task and the number of times the tasks 
switched were held constant across all groups. The groups did, however, 
differ in terms of the consistency of switching from one task to the next. A 
lack of difference between groups would suggest that the consistency 
with which switches occur is not critical and the present elaboration 
hypothesis is adequate to describe the results. However, if the groups are 
different, the consistency with which switches occur is critical to learning, 
and the present hypothesis may need modification to explain the results.
CHAPTER 3
METHODS
Subjects
Forty-eight volunteers served as subjects in the study. All subjects 
were naive in regard to the theoretical question and signed an informed 
consent prior to their participation. The use of subjects for this research 
was approved by the Human Subjects Committee at the University of 
Nevada, Las Vegas.
Apparatus
The apparatus consisted of a static force measurement system 
incorporating a force transducer, amplifier, Gateway 2000 microcomputer, 
and an internal 16-channel A/D interface (Metrabyte DAS-1600). The 
force transducer, which monitors force production, was mounted atop a 
tripod and positioned at the subject's midline approximately chest high. 
The computer screen which provided the subject KR was be positioned at 
the subject's midline approximately eye level (see Figure 1). A pilot study
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using a traditional contextual interference manipulation (blocked or 
random practice) with the present apparatus yielded results consistent 
with previous contextual interference findings.
Task and Procedures
Prior to data collection subjects were randomly assigned to either a 
consistent/mixed or a varied/mixed acquisition condition. Both acquisition 
conditions were further subdivided into two groups, an original and its 
mirror. The mirror group was used to control for any order effect. All 
groups were given equal numbers of trials and task switches.
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Figure 1. Diagram of experimental task
The consistent/mixed group was presented target lines in groups of 
three's. Each subject was presented target lines that were arranged with 
one target height repeated for three trials (i.e., blocked), then the second, 
then the third. This pattern was repeated for ninety trials (i.e., AAA, BBB, 
CCC, BBB, CCC, BBB, AAA, etc.). No more than three trials at any given 
target height were presented consecutively. The subject was then 
presented targets of all three target heights in a randomized order. This 
pattern was also repeated for ninety trials (i.e., ACB, BCA, ABC, ABC, 
BCA, etc.). A subgroup was presented a mirror order. Thus, random 
order targets were presented in groups of three's for the first ninety trials. 
The targets presented for the last ninety trials were presented targets in 
blocks of three identical targets. Thus each subject received the same 
number of trials at each target height (for a total of 180 trials) as well as 
the same number of task switches.
The varied/mixed group was also presented target lines in groups 
of three's. Within each group of three, the target height was either 
blocked or random. The next group of three was either blocked or 
random. Thus, three identical targets may have been followed by three 
targets in a random order or identical targets, etc. (AAA, CBA, CAB,
CCC, BBB, BAC, AAA, BBB, etc.). A subgroup was presented a mirror
order. These groups were equated for numbers of trials at each target 
height as well as the total number of trials and task switches. Both the 
consistent/mixed and varied/mixed groups were equated for total number 
of trials and total number of task switches. The manipulated variable was 
the consistency with which the target height switched. That is, in the 
consistent/mixed groups, target heights were presented in a more 
consistent fashion relative to the varied/mixed group.
The dependent measure of interest in this study was RMSE. This 
was used as RMSE is an overall error measure that measures both 
accuracy and variability.
Acquisition and retention data were measured separately. 
Acquisition data were analyzed using a 2 x 2 x 12 (Condition x Mirror x 
Block) Analysis of variance (ANOVA) with repeated measures on the last 
factor. Retention data were analyzed using a 2 x 2 (Acquisition Condition 
x Retention Condition) ANOVA.
CHAPTER 4
RESULTS
This experiment was designed to examine the effects of the 
consistency of task switches on the acquisition and retention performance 
in a force production task. Root mean square error (RMSE) was the 
dependent measure of interest. RMSE was used because it gives an 
overall error measure which describes variability and accuracy (Wulf & 
Lee, 1993). Acquisition and retention data were analyzed separately.
Acquisition
Mean RMSE for acquisition data were analyzed using a 2 x 2 x 12 
(Condition x Mirror x Block) analysis of variance (ANOVA) with repeated 
measures on the last factor. The analysis revealed a significant main 
effect for block £ (11,484) = 7.77, p< .0001 (see Figure 2). The analysis 
revealed no main effect for acquisition condition F (1,44) = 1.16, p> .29, 
mirror F (1,44) = 2.61, £ > .11, or interaction F(1,44) = .22, £>.64.
Retention
Mean RMSE data for retention were analyzed using a 2 x 2
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(Acquisition Condition x Retention Condition) ANOVA. The Acquisition x 
Retention interaction failed to reach s ign ificance^ 1,44) = 1.26, £> .27. 
The main effect for acquisition condition_E(1,44) = .09, £>.76 and the main 
effect for retention condition F(1,44) = .61, £>.44 also failed to reach 
significance (see Figure 3).
Acquisition x Block
400 T
350 -
2  300 -
. . Q
,.o-'
■,o
.0
250 -- -a.s -----
Ei
200
1 5 72 3 4 6 8 9 10 11 12
Block
Constant-No Mirror Constant-Mirror 
Variable-No Mirror ■-©- Variable-Mirror
Figure 2. RMSE for acquisition performance
Acquisition x Retention Condition
310 T
300 --
290 --
280 -
270 -
260
Constant Varied
Acquisition Condition
A - Constant Retention Varied Retention
Figure 3. RMSE for retention results
CHAPTER 5
DISCUSSION
There have been numerous examples in both the verbal learning 
literature (Battig, 1979) and in the motor learning literature (Lee & Magill,
1983; Shea, et al., 1990) to support the finding that high levels of 
contextual interference facilitates learning. It has been suggested that 
contextual interference requires an increased cognitive effort on the part 
of the learner to process the to-be-learned material (Battig, 1979; 
Bransford et al., 1979). Typically in contextual interference 
manipulations, the number of times an individual is required to switch from 
one task (or version) to another has been the critical manipulation (Lee & 
Magill, 1983). However, in the present study it was the consistency of 
task switches that was manipulated. The manipulation of the consistency 
of task switches presumably increases the task difficulty, therefore 
increasing the necessary cognitive effort required for successful skill 
acquisition, relative to a more traditional contextual interference 
manipulation. Because increasing the task difficulty typically facilitates
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retention performance, it was predicted that the consistency manipulations 
would contribute positively to retention performance (i.e., the varied/mixed 
condition would demonstrate less error than the consistent/mixed 
condition). In fact, this was not the case.
An explanation for a lack of reliable differences between groups 
could be based on the relative task difficulty (i.e., the difficulty of the task 
relative to the individual performing the task) provided by the present 
manipulation (Guadagnoli et al., 1993). There are three primary lines of 
evidence for this contention.
Shea et al. (1990) demonstrated that with relatively little practice, a 
typical contextual interference effect was not reliable. That is, when the 
performers were relatively novice, contextual interference did not facilitate 
skill acquisition. However, with extended practice, contextual interference 
did facilitate learning. That is, as the relative difficulty of the task 
decreased, through extended practice, interference facilitated learning.
Guadagnoli, Dornier and Tandy (1994) formalized and tested this 
concept of relative task difficulty and found that, with more experienced 
subjects, greater processing demands were beneficial for retention 
performance. However, with less experienced subjects, increasing
processing demands overwhelming the system thus hindering both and 
acquisition and retention performance. Likewise, in the present 
investigation, the contextual interference effect was established with a 
traditional contextual interference manipulation, but was not established 
with the more difficult contextual interference plus consistency 
manipulation.
A global explanation of the present results may be largely based on 
Miller's (1956) classic account of information capacity limitations and 
Newell and Rosenbloom's (1981) explanation of motor learning 
performance curves based on a chunking model. A basic premise of 
chunking models is that the information processing system is of fixed 
capacity. Learning then, results from increasing the system's efficiency 
rather than expanding the capacity. As a function of sufficient practice, 
task elements can be chunked together in memory into larger and larger 
chunks. As a result, the number of steps to process the same number of 
task elements decreases, hence, learning is more efficient.
In the present study, the amount of practice might have been 
insufficient to significantly alter processing abilities. When subjects were 
presented with a classic contextual interference manipulation coupled with
a variance manipulation, they were required to engage in multiple and 
variable processing. The required processing may have been beyond the 
subjects’ information processing capacity. Hence, little “learning” took 
place.
When the system learns, the dynamics of the system have to 
change to increase its efficiency because the system's constraints do not 
change. The present study may have demonstrated a situation where 
the dynamics of the system did not change sufficiently to handle the 
processing required by the experimental manipulations. To test this 
hypothesis one of two avenues can be explored: change the system or 
change the processing requirements.
Future Directions
There are several possible explanations as to why the 
manipulations in this experiment failed to yield the hypothesized results as 
previously discussed. Primarily the level of the performer relative to the 
complexity of the task which have been demonstrated to effect 
performance in a KR paradigm (Guadagnoli et al., 1993) may likely also 
explain the findings in this experiment. The level of the performer could
be changed by using experienced subjects. This would eliminate the early 
learning phase of acquisition when subjects are experimenting with 
response strategies in their attempt to learn the requirements of the task. 
These experienced subjects, then, when in an acquisition condition that 
provides greater task switching, may demonstrate less error in retention 
than the novice subjects used in the present experiment.
The level of the performer could also be changed by simply 
providing more practice during acquisition. Shea et al. (1990) 
demonstrated that when subjects were tested under random conditions, 
the retention performance of subjects in the random acquisition group 
improved with increased practice (i.e., 200 acquisition trials vs. 400 
acquisition trials), whereas the retention performance of those in the 
blocked acquisition group worsened with increased practice. It is 
possible, then, that more practice may be beneficial in a more complex 
task. Since the consistency of task switching has not previously been 
analyzed, however, it is unknown whether more practice may be beneficial 
under such conditions.
The consistency with which tasks are switched has not previously 
been examined. Consistency manipulations may have implications in the
learning of motor tasks. Since increasing the difficulty of the task seems 
to increase the cognitive processing involved in learning, learning may be 
facilitated. Thus, this is a direction that needs further exploration.
APPENDIX I
Inform ed Consent 
M otor Behavior Laboratory
You are invited to  participate in a study of hum an m otor behavior. If 
you decide to  partic ipate, each experim ental session w ill last less than 3 0  
m inutes. There are no know n risks involved in your participation. This  
in form ation is based on a large body of experience w ith  sim ilar tasks.
A n y  inform ation obtained in connection w ith  this study th a t can be 
identified w ith  you will remain confidential. If you give us permission by 
signing this docum ent, w e  plan to  publish the results in an appropriate  
journal.
Your decision w hether or not to  participate w ill not prejudice your 
fu ture  relations w ith  the University of Nevada, Las Vegas. If you have any 
questions please ask the experim enter. A  telephone num ber to  call if there  
are any questions is (7 0 2 ) 8 9 5 -1 2 4 1 .  Thank you for participating in this  
project.
YO U  ARE M A K IN G  A  DECISION W HETHER OR N O T TO  PA R TIC IPA TE. 
YO U R  S IG N A TU R E BELOW IN D IC A TE S T H A T  YO U H A VE DECIDED TO  
PA R TIC IPA TE H A VIN G  READ THE IN STR U C TIO N S A N D  INFO RM ED  
C O N SE N T.
D A TE :_____________  T IM E:__________________
SUB JEC T SIGNATURE:
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APPENDIX II 
Experiment Instruction Sheet - CI2
The study which you are about to undertake will require you to hit a 
padded wooden block with your fist. A computer will record how hard you hit the 
block. Prior to hitting the block, the computer will display a target line. This line 
equals your target force. You will see a blue dot appear on the line which is 
telling you that you may hit the block. It is not necessary for you to hit the block 
immediately after the dot. The dot only tells you when the computer is ready.
At some point after hitting the block, the computer will display how you 
did. The display will tell you if you hit the block too hard, too soft, or correctly 
(see the graphic below). For example, if you hit the block far too hard, you will 
see a line way above the target line. If you hit the block a little too soft, you will 
see a small line below the target.
Again, thank you for your participation and if you have any questions 
please ask your experimenter.
Correct ForceToo Much Force 
Too Little Force
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APPENDIX III
Contextual Interference -2
A = constant/mixed 1
B = constant/mixed 2 :
C = varied/mixed 1 :
D = varied/mixed 2
i ; : -j i ■ 1
Date Subj D1(Acq)! D2(Ret) Initials Subj name, comments
1 A B
CD D
3 {C A
4 D D
| 5 B C
i 6^C c
7 1D b :
! 8 |A A
1  9! c B
j i o |d c
11 A D
12! B B
I 13 A C
i 14|D D
15 i B A
16 C C
I 17 B Di!(JCO a  :
' 19 !A c
' 20 ID D
21 i B
22 !C
23 D 
24 :A
25 jC
26 D 
27IA
A
B
A
A
D
B
D
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APPENDIX IV
data carol;
“ ‘ ANALYSIS FOR CAROL'S THESIS EXP 2ACQUISITION 
“ ’ DATA SETS FOR THIS PROGRAM = CI2rmsa.sas, CI2vea.sas‘ “ ; 
“ *ACQ1 = CONST, ACQ2 = VARIED, MIR1 = NONE, MIR2 = MIRROR***; 
INFILE 'b:cl2rmsa.sas'; 
input ACQ MIR X1-X12;
cards;
proc anova;
CLASS ACQ MIR;
model X1-X12 = ACQ MIR acq'mir/nouni;
REPEATED BLOCK 12;
MEANS ACQ MIR acq’ mir/TUKEY;
run;
proc means;
BY ACQ MIR; 
run;
proc print; 
run;
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A n a l y s i s  o f  V a r i a n c e  P r o c e d u r e  
C l a s s  L e v e l  I n f o r m a t i o n
C l a s s  L e v e l s  V a l u e s
ACQ 2 1 2
M I R  2 1 2
N u m b e r  o f  o b s e r v a t i o n s  i n  d a t a  s e t  = 48
A n a l y s i s  o f  V a r i a n c e  P r o c e d u r e  
R e p e a t e d  M e a s u r e s  A n a l y s i s  o f  V a r i a n c e
R e p e a t e d M e a s u r e s L e v e l  I n f o r m a t i o n
D e p e n d e n t V a r i a b l e X I X2 X3 X4 X5
L e v e l o f  BLOCK 1 2 3 4 5
D e p e n d e n t V a r i a b l e X7 X8 X9 X10 X l l
L e v e l o f  BLOCK 7 8 9 10 11
A n a l y s i s  o f  V a r i a n c e  P r o c e d u r e  
R e p e a t e d  M e a s u r e s  A n a l y s i s  o f  V a r i a n c e
M a n o v a  T e s t  C r i t e r i a  a n d  E x a c t  F S t a t i s t i c s  f o r  
t h e  H y p o t h e s i s  o f  n o  BLOCK E f f e c t  
H = A n o v a  SS&CP M a t r i x  f o r  BLOCK E = E r r o r  SS&CP M a t r i x
S=1 M = 4 . 5  N=16
S t a t i s t i c V a l u e F Num DF De n  DF
W i l k s '  L a m b d a 0 . 3 8 6 3 1 7 8 5 4 . 9 1 0 0 11 34
P i l l a i ' s  T r a c e 0 . 6 1 3 6 8 2 1 5 4 . 9 1 0 0 11 34
H o t e l l i n g - L a w l e y  T r a c e 1 . 5 8 8 5 4 2 0 3 4 . 9 1 0 0 11 34
R o y ' s  G r e a t e s t  R o o t 1 . 5 8 8 5 4 2 0 3 4 . 9 1 0 0 11 34
A n a l y s i s  o f  V a r i a n c e  P r o c e d u r e  
R e p e a t e d  M e a s u r e s  A n a l y s i s  o f  V a r i a n c e
M a n o v a  T e s t  C r i t e r i a  a n d  E x a c t  F S t a t i s t i c s  f o r  
t h e  H y p o t h e s i s  o f  n o  BLOCK*ACQ E f f e c t
H = A n o v a  SS&CP M a t r i x  f o r  BL0CK*ACQ E = E r r o r  SS&CP M a t r i x
S=1 M = 4 .5  N=16
S t a t i s t i c  V a l u e  F Num DF De n  DF
W i l k s '  L a m b d a  0 . 8 2 1 9 5 5 0 2  0 . 6 6 9 5  11 34
P i l l a i ' s  T r a c e  0 . 1 7 8 0 4 4 9 8  0 . 6 6 9 5  11 34
H o t e l l i n g - L a w l e y  T r a c e  0 . 2 1 6 6 1 1 5 9  0 . 6 6 9 5  11 34
R o y ’ s G r e a t e s t  R o o t  0 . 2 1 6 6 1 1 5 9  0 . 6 6 9 5  11 34
X6
6
X12
12
P r  > F
0 . 0 0 0 2  
0 . 0 0 0 2  
0 . 0 0 0 2  
0 . 0 0 0 2
P r  > F
0 . 7 5 6 5  
0 . 7 5 6 5  
0 . 7 5 6 5  
0 . 7 5 6 5
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A n a l y s i s  o f  V a r i a n c e  P r o c e d u r e  
R e p e a t e d  M e a s u r e s  A n a l y s i s  o f  V a r i a n c e
M a n o v a  T e s t  C r i t e r i a  a n d  E x a c t  F S t a t i s t i c s  f o r  
t h e  H y p o t h e s i s  o f  n o  BL O C K *M IR  E f f e c t  
H = A n o v a  SS&CP M a t r i x  f o r  B LOCK*MIR E = E r r o r  SS&CP M a t r i x
S t a t i s t i c
W i l k s ' L a m b d a  
P i l l a i ' s  T r a c e  
H o t e l l i n g - L a w l e y  T r a c e  
R o y ' s  G r e a t e s t  R o o t
S = 1 M = 4 .5  N=16
V a l u e  F
0 . 7 1 7 4 7 0 7 5  1 . 2 1 7 2
0 . 2 8 2 5 2 9 2 5  1 . 2 1 7 2
0 . 3 9 3 7 8 5 0 4  1 . 2 1 7 2
0 . 3 9 3 7 8 5 0 4  1 . 2 1 7 2
Num DF D e n  DF P r  > F
11 34 0 . 3 1 3 4
11 34 0 . 3 1 3 4
11 34 0 . 3 1 3 4
11 34 0 . 3 1 3 4
A n a l y s i s  o f  V a r i a n c e  P r o c e d u r e  
R e p e a t e d  M e a s u r e s  A n a l y s i s  o f  V a r i a n c e
M a n o v a  T e s t  C r i t e r i a  a n d  E x a c t  F S t a t i s t i c s  f o r  
t h e  H y p o t h e s i s  o f  n o  B L OCK *A CQ*MIR E f f e c t  
H = A n o v a  SS&CP M a t r i x  f o r  B L OCK *A CQ*MIR E = E r r o r  SS&CP M a t r i x
S t a t i s t i c
W i l k s '  L a m b d a  
P i l l a i ' s  T r a c e  
H o t e l l i n g - L a w l e y  T r a c e  
R o y ' s  G r e a t e s t  R o o t
S=1  M = 4 .5
V a l u e
0 . 6 1 0 4 2 1 6 4  
0 . 3 8 9 5 7 8 3 6  
0 . 6 3 8 2 1 1 9 1  
0 . 6 3 8 2 1 1 9 1
N=16
F
1 . 9 7 2 7
1 . 9 7 2 7
1 . 9 7 2 7
1 . 9 7 2 7
Num DF
11
11
11
11
Den DF P r  > F
34
34
34
34
0 . 0 6 3 8  
0 .  0 6 3 8  
0 . 0 6 3 8  
0 . 0 6 3 8
A n a l y s i s  o f  V a r i a n c e  P r o c e d u r e  
R e p e a t e d  M e a s u r e s  A n a l y s i s  o f  V a r i a n c e  
T e s t s  o f  H y p o t h e s e s  f o r  B e t w e e n  S u b j e c t s  E f f e c t s
S o u r c e DF A n o v a  SS Me an  S q u a r e  F V a l u e P r  > F
ACQ
M I R
A C Q * M I R
8 6 6 8 1 . 1 7 4  
1 9 5 8 0 6 . 2 5 0  
1 6 2 1 3 . 7 7 8
8 6 6 8 1 . 1 7 4  
1 9 5 8 0 6 . 2 5 0  
1 6 2 1 3 . 7 7 8
1.16
2.61
0 . 2 2
0 . 2 8 8 0  
0 . 1 1 3 1  
0 . 6 4 4 1
E r r o r 44 3 2 9 7 1 5 4 . 9 5 8 7 4 9 3 5 . 3 4 0
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A n a l y s i s  o f  V a r i a n c e  P r o c e d u r e  
R e p e a t e d  M e a s u r e s  A n a l y s i s  o f  V a r i a n c e  
U n i v a r i a t e  T e s t s  o f  H y p o t h e s e s  f o r  W i t h i n  S u b j e c t  E f f e c t s
S o u r c e :  BLOCK
DF
11
A n o v a  SS 
3 7 8 7 1 2 . 1 1 8 0 5 6
Me a n  S q u a r e  
3 4 4 2 8 . 3 7 4 3 6 9
F V a l u e  
7 . 7 7
P r  > F 
0 . 00 01
A d j  P r  
G -  G 
0.0001 0
S o u r c e :  BLOCK*ACQ
DF
11
A n o v a  SS 
3 6 9 6 4 . 7 0 1 3 8 9
Me a n  S q u a r e  
3 3 6 0 . 4 2 7 3 9 9
F  V a l u e  
0 . 7 6
P r  > F 
0 . 6 8 2 0
A d j  P r  
G -  G 
0 . 6 1 5 4  0
A n a l y s i s  o f  V a r i a n c e  P r o c e d u r e  
R e p e a t e d  M e a s u r e s  A n a l y s i s  o f  V a r i a n c e  
U n i v a r i a t e  T e s t s  o f  H y p o t h e s e s  f o r  W i t h i n  S u b j e c t  E f f e c t s
S o u r c e :  B L 0 C K * M I R
DF
11
A n o v a  SS 
6 7 5 6 2  . 7 9 1 6 6 7
Me a n  S q u a r e  
6 1 4 2  . 0 7 1 9 7 0
F V a l u e  
1 . 3 9
P r  > F 
0 . 1 7 5 8
A d j  P r  
G -  G 
0 . 2 1 4 5  0
S o u r c e :  B L OCK *A CQ*MIR
DF
11
A n o v a  SS 
6 4 5 5 8 . 8 4 7 2 2 2
Me a n  S q u a r e  
5 8 6 8 . 9 8 6 1 1 1
F V a l u e  
1 . 3 2
P r  > F 
0 . 2 0 7 3
A d j  P r  
G -  G 
0 . 2 4 1 4  0
A n a l y s i s  o f  V a r i a n c e  P r o c e d u r e  
R e p e a t e d  M e a s u r e s  A n a l y s i s  o f  V a r i a n c e  
U n i v a r i a t e  T e s t s  o f  H y p o t h e s e s  f o r  W i t h i n  S u b j e c t  E f f e c t s
S o u r c e :  E r r o r ( B L O C K )
DF A n o v a  SS Me a n  S q u a r e
4 8 4  2 1 4 5 0 8 2 . 7 0 8 3 3 3  4 4 3 1 . 9 8 9 0 6 7
> F 
H -  F 
. 0001
> F 
H -  F 
. 6 4 6 6
> F 
H -  F 
. 1 9 7 4
> F 
H -  F 
. 2 2 6 7
G r e e n h o u s e - G e i s s e r  E p s i l o n  = 0 . 6 0 0 4  
H u y n h - F e l d t  E p s i l o n  = 0 . 7 6 5 8
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Analysis of Variance Procedure
T u k e y ' s  S t u d e n t i z e d  R a n g e  (HSD) T e s t  f o r  v a r i a b l e :  X I
NOTE:  T h i s  t e s t  c o n t r o l s  t h e  t y p e  I  e x p e r i m e n t w i s e  e r r o r  r a t e ,  b u t  
g e n e r a l l y  h a s  a  h i g h e r  t y p e  I I  e r r o r  r a t e  t h a n  REGWQ.
A l p h a =  0 . 0 5  d f =  44 MSE= 1 1 7 3 8 . 6 8  
C r i t i c a l  V a l u e  o f  S t u d e n t i z e d  R a n g e =  2 . 8 5 0  
M i n i m u m  S i g n i f i c a n t  D i f f e r e n c e =  6 3 . 0 3 6
M e a n s  w i t h  t h e  same l e t t e r  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t .
T u k e y  G r o u p i n g Mean N ACQ
A 3 5 8 . 2 5 24 2
A
A 338  . 37 24 1
A n a l y s i s  o f  V a r i a n c e  P r o c e d u r e
T u k e y ' s  S t u d e n t i z e d  R a n g e  (HSD) T e s t  f o r  v a r i a b l e :  X2
NOTE:  T h i s  t e s t  c o n t r o l s  t h e  t y p e  I  e x p e r i m e n t w i s e  e r r o r  r a t e ,  b u t  
g e n e r a l l y  h a s  a  h i g h e r  t y p e  I I  e r r o r  r a t e  t h a n  REGWQ.
A l p h a =  0 . 0 5  d f =  44 MSE= 1 0 0 5 5 . 8 5  
C r i t i c a l  V a l u e  o f  S t u d e n t i z e d  R a n g e =  2 . 8 5 0  
M i n i m u m  S i g n i f i c a n t  D i f f e r e n c e =  5 8 . 3 4 3
Me a n s  w i t h  t h e  same l e t t e r  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t .
T u k e y  G r o u p i n g Me an N ACQ
A 3 2 2 . 0 4 24 2
A
A 2 8 9 . 1 7 24 1
A n a l y s i s  o f  V a r i a n c e  P r o c e d u r e
T u k e y ' s  S t u d e n t i z e d  R a n g e  (HSD) T e s t  f o r  v a r i a b l e :  X3
NOTE:  T h i s  t e s t  c o n t r o l s  t h e  t y p e  I  e x p e r i m e n t w i s e  e r r o r  r a t e ,  b u t  
g e n e r a l l y  h a s  a h i g h e r  t y p e  I I  e r r o r  r a t e  t h a n  REGWQ.
A l p h a =  0 . 0 5  d f =  44  MSE= 1 4 7 3 3 . 9 7  
C r i t i c a l  V a l u e  o f  S t u d e n t i z e d  R a n g e =  2 . 8 5 0  
M i n i m u m  S i g n i f i c a n t  D i f f e r e n c e =  7 0 . 6 2 2
Me a n s  w i t h  t h e  s ame l e t t e r  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t .
T u k e y  G r o u p i n g  Me a n  N ACQ
A
A
A
3 4 0 . 9 6  24 2
299.71 24 1
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Analysis of Variance Procedure
T u k e y ' s  S t u d e n t i z e d  R a n g e  (HSD) T e s t  f o r  v a r i a b l e :  X4
NOTE:  T h i s  t e s t  c o n t r o l s  t h e  t y p e  I  e x p e r i m e n t w i s e  e r r o r  r a t e ,  b u t  
g e n e r a l l y  h a s  a  h i g h e r  t y p e  I I  e r r o r  r a t e  t h a n  REGWQ.
A l p h a =  0 . 0 5  d f = 44 MSE= 6 5 8 4 . 9 8 9  
C r i t i c a l  V a l u e  o f  S t u d e n t i z e d  R a n g e =  2 . 8 5 0  
M i n i m u m  S i g n i f i c a n t  D i f f e r e n c e =  4 7 . 2 1 3
M e a n s  w i t h  t h e  same l e t t e r  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t .
T u k e y  G r o u p i n g Mean N ACQ
A 2 8 1 . 6 7 24  2
A
A 2 6 6 . 7 5 24 1
A n a l y s i s  o f  V a r i a n c e  P r o c e d u r e
T u k e y ' s  S t u d e n t i z e d  R a n g e  (HSD) T e s t  f o r  v a r i a b l e :  X5
NOTE:  T h i s  t e s t  c o n t r o l s  t h e  t y p e  I  e x p e r i m e n t w i s e  e r r o r  r a t e ,  b u t  
g e n e r a l l y  h a s  a  h i g h e r  t y p e  I I  e r r o r  r a t e  t h a n  REGWQ.
A l p h a =  0 . 0 5  d f = 4 4  MSE= 9 7 2 2 . 5 5 1  
C r i t i c a l  V a l u e  o f  S t u d e n t i z e d  R a n g e =  2 . 8 5 0  
M i n i m u m  S i g n i f i c a n t  D i f f e r e n c e =  5 7 . 3 6 8
M e a n s  w i t h  t h e  same l e t t e r  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t .
T u k e y  G r o u p i n g Me an N ACQ
A 2 8 0 . 5 0 24 1
A
A 2 7 6  . 54 24 2
A n a l y s i s  o f  V a r i a n c e  P r o c e d u r e
T u k e y ' s  S t u d e n t i z e d  R a n g e  (HSD)  T e s t  f o r  v a r i a b l e :  X6
NOTE:  T h i s  t e s t  c o n t r o l s  t h e  t y p e  I  e x p e r i m e n t w i s e  e r r o r  r a t e ,  b u t  
g e n e r a l l y  h a s  a  h i g h e r  t y p e  I I  e r r o r  r a t e  t h a n  REGWQ.
A l p h a =  0 . 0 5  d f = 44 MSE= 1 3 1 8 0 . 8 5  
C r i t i c a l  V a l u e  o f  S t u d e n t i z e d  R a n g e =  2 . 8 5 0  
M i n i m u m  S i g n i f i c a n t  D i f f e r e n c e =  6 6 . 7 9 6
M e a n s  w i t h  t h e  s ame l e t t e r  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t .
T u k e y  G r o u p i n g  Me an  N ACQ
A
A
A
2 8 2 . 8 7  24 2
282.75 24 1
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T u k e y ' s  S t u d e n t i z e d  R a n g e  (HSD) T e s t  f o r  v a r i a b l e :  X7
NOTE:  T h i s  t e s t  c o n t r o l s  t h e  t y p e  I  e x p e r i m e n t w i s e  e r r o r  r a t e ,  b u t  
g e n e r a l l y  h a s  a h i g h e r  t y p e  I I  e r r o r  r a t e  t h a n  REGWQ.
A l p h a =  0 . 0 5  d f =  44 MSE= 7 3 6 9 . 3 3 7  
C r i t i c a l  V a l u e  o f  S t u d e n t i z e d  R a n g e =  2 . 8 5 0  
M i n i m u m  S i g n i f i c a n t  D i f f e r e n c e =  4 9 . 9 4 5
M e a n s  w i t h  t h e  same l e t t e r  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t .
T u k e y  G r o u p i n g Me an N ACQ
A 2 9 2 . 0 8 24 2
A
A 2 4 9 . 9 2 24 1
A n a l y s i s  o f  V a r i a n c e  P r o c e d u r e
T u k e y ' s  S t u d e n t i z e d  R a n g e  (HSD) T e s t  f o r  v a r i a b l e :  X8
NOTE:  T h i s  t e s t  c o n t r o l s  t h e  t y p e  I  e x p e r i m e n t w i s e  e r r o r  r a t e ,  b u t  
g e n e r a l l y  h a s  a  h i g h e r  t y p e  I I  e r r o r  r a t e  t h a n  REGWQ.
A l p h a =  0 . 0 5  d f = 44 MSE= 9 3 4 0 . 8 8 8  
C r i t i c a l  V a l u e  o f  S t u d e n t i z e d  R a n g e =  2 . 8 5 0  
M i n i m u m  S i g n i f i c a n t  D i f f e r e n c e =  5 6 . 2 3 1
M e a n s  w i t h  t h e  same l e t t e r  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t .
T u k e y  G r o u p i n g Me an N ACQ
A 2 8 7 . 3 3 24 2
A
A 2 6 4 . 4 6 24 1
A n a l y s i s  o f  V a r i a n c e  P r o c e d u r e
T u k e y ' s  S t u d e n t i z e d  R a n g e  (HSD) T e s t  f o r  v a r i a b l e :  X9
NOTE:  T h i s  t e s t  c o n t r o l s  t h e  t y p e  I  e x p e r i m e n t w i s e  e r r o r  r a t e ,  b u t  
g e n e r a l l y  h a s  a h i g h e r  t y p e  I I  e r r o r  r a t e  t h a n  REGWQ.
A l p h a =  0 . 0 5  d f = 44 MSE= 1 2 0 8 2 . 1 2  
C r i t i c a l  V a l u e  o f  S t u d e n t i z e d  R a n g e =  2 . 8 5 0  
M i n i m u m  S i g n i f i c a n t  D i f f e r e n c e =  6 3 . 9 5 2
M e a n s  w i t h  t h e  same l e t t e r  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t .
T u k e y  G r o u p i n g  Me a n  N ACQ
A
A
A
2 8 3 . 1 7  24 2
238.29 24 1
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T u k e y ' s  S t u d e n t i z e d  R a n g e  (HSD) T e s t  f o r  v a r i a b l e :  X10
NOTE:  T h i s  t e s t  c o n t r o l s  t h e  t y p e  X e x p e r i m e n t w i s e  e r r o r  r a t e ,  b u t  
g e n e r a l l y  h a s  a  h i g h e r  t y p e  I I  e r r o r  r a t e  t h a n  REGWQ.
A l p h a =  0 . 0 5  d f = 44  MSE= 1 2 9 8 6 . 5 1  
C r i t i c a l  V a l u e  o f  S t u d e n t i z e d  R a n g e =  2 . 8 5 0  
M i n i m u m  S i g n i f i c a n t  D i f £ e r e n c e =  6 6 . 3 0 2
M e a n s  w i t h  t h e  s ame l e t t e r  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t .
T u k e y  G r o u p i n g Mean N ACQ
A 2 9 4 . 5 8 24 2
A
A 2 5 0 . 4 2 24 1
A n a l y s i s  o f  V a r i a n c e  P r o c e d u r e
T u k e y ' s  S t u d e n t i z e d  R a n g e  (HSD) T e s t  f o r  v a r i a b l e :  X l l
NOTE:  T h i s  t e s t  c o n t r o l s  t h e  t y p e  I  e x p e r i m e n t w i s e  e r r o r  r a t e ,  b u t  
g e n e r a l l y  h a s  a  h i g h e r  t y p e  I I  e r r o r  r a t e  t h a n  REGWQ.
A l p h a =  0 . 0 5  d f = 44 MSE= 7 9 1 9 . 3 6  
C r i t i c a l  V a l u e  o f  S t u d e n t i z e d  R a n g e =  2 . 8 5 0  
M i n i m u m  S i g n i f i c a n t  D i f f e r e n c e =  5 1 . 7 7 6
M e a n s  w i t h  t h e  same l e t t e r  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t .
T u k e y  G r o u p i n g Me a n N ACQ
A 2 6 2 . 3 7 24 2
A
A 2 4 5 . 5 4 24 1
A n a l y s i s  o f  V a r i a n c e  P r o c e d u r e
T u k e y ' s  S t u d e n t i z e d  R a n g e  (HSD) T e s t  f o r  v a r i a b l e :  X12
NOTE:  T h i s  t e s t  c o n t r o l s  t h e  t y p e  I  e x p e r i m e n t w i s e  e r r o r  r a t e ,  b u t  
g e n e r a l l y  h a s  a  h i g h e r  t y p e  I I  e r r o r  r a t e  t h a n  REGWQ.
A l p h a =  0 . 0 5  d f = 44  MSE= 7 9 7 2 . 1 1  
C r i t i c a l  V a l u e  o f  S t u d e n t i z e d  R a n g e =  2 . 8 5 0  
M i n i m u m  S i g n i f i c a n t  D i f f e r e n c e =  5 1 . 9 4 8
M e a n s  w i t h  t h e  same l e t t e r  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t .
T u k e y  G r o u p i n g  Me a n  N ACQ
A 2 8 6 . 6 2  24 2
A
A 268.21 24 1
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T u k e y ' s  S t u d e n t i z e d  R a n g e  (HSD) T e s t  f o r  v a r i a b l e :  X I
NOTE:  T h i s  t e s t  c o n t r o l s  t h e  t y p e  I  e x p e r i m e n t w i s e  e r r o r  r a t e ,  b u t  
g e n e r a l l y  h a s  a  h i g h e r  t y p e  I I  e r r o r  r a t e  t h a n  REGWQ.
A l p h a =  0 . 0 5  d f = 44 MSE= 1 1 7 3 8 . 6 8  
C r i t i c a l  V a l u e  o f  S t u d e n t i z e d  R a n g e =  2 . 8 5 0  
M i n i m u m  S i g n i f i c a n t  D i f f e r e n c e =  6 3 . 0 3 6
M e a n s  w i t h  t h e  same l e t t e r  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t .
T u k e y  G r o u p i n g Me an N MI R
A 3 7 4 . 6 2 24 1
A
A 3 2 2 . 0 0 24 2
A n a l y s i s  o f  V a r i a n c e  P r o c e d u r e
T u k e y ' s  S t u d e n t i z e d  R a n g e  (HSD) T e s t  f o r  v a r i a b l e :  X2
NOTE:  T h i s  t e s t  c o n t r o l s  t h e  t y p e  I  e x p e r i m e n t w i s e  e r r o r  r a t e ,  b u t  
g e n e r a l l y  h a s  a  h i g h e r  t y p e  I I  e r r o r  r a t e  t h a n  REGWQ.
A l p h a =  0 . 0 5  d f =  44 MSE= 1 0 0 5 5 . 8 5  
C r i t i c a l  V a l u e  o f  S t u d e n t i z e d  R a n g e =  2 . 8 5 0  
M i n i m u m  S i g n i f i c a n t  D i f f e r e n c e =  5 8 . 3 4 3
M e a n s  w i t h  t h e  s ame l e t t e r  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t .
T u k e y  G r o u p i n g Me an N M I R
A 3 2 5 . 0 4 24 1
A
A 2 8 6 . 1 7 24 2
A n a l y s i s  o f  V a r i a n c e  P r o c e d u r e
T u k e y ' s  S t u d e n t i z e d  R a n g e  (HSD) T e s t  f o r  v a r i a b l e :  X3
NOTE:  T h i s  t e s t  c o n t r o l s  t h e  t y p e  I  e x p e r i m e n t w i s e  e r r o r  r a t e ,  b u t  
g e n e r a l l y  h a s  a  h i g h e r  t y p e  I I  e r r o r  r a t e  t h a n  REGWQ.
A l p h a =  0 . 0 5  d f = 44 MSE= 1 4 7 3 3 . 9 7  
C r i t i c a l  V a l u e  o f  S t u d e n t i z e d  R a n g e =  2 . 8 5 0  
M i n i m u m  S i g n i f i c a n t  D i f f e r e n c e =  7 0 . 6 2 2
M e a n s  w i t h  t h e  s ame l e t t e r  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t .
T u k e y  G r o u p i n g  Me a n  N M I R
A 3 6 2 . 7 1  24 1
B 277.96 24 2
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T u k e y ' s  S t u d e n t i z e d  R a n g e  (HSD) T e s t  f o r  v a r i a b l e :  X4
NOTE:  T h i s  t e s t  c o n t r o l s  t h e  t y p e  X e x p e r i m e n t w i s e  e r r o r  r a t e ,  b u t  
g e n e r a l l y  h a s  a  h i g h e r  t y p e  I I  e r r o r  r a t e  t h a n  REGWQ.
A l p h a =  0 . 0 5  d f = 44 MSE= 6 5 8 4 . 9 8 9  
C r i t i c a l  V a l u e  o f  S t u d e n t i z e d  R a n g e =  2 . 8 5 0  
M i n i m u m  S i g n i f i c a n t  D i f f e r e n c e =  4 7 . 2 1 3
Me a n s  w i t h  t h e  same l e t t e r  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t .
T u k e y  G r o u p i n g Mean N M I R
A 2 8 4 . 7 1 24 1
A
A 263  . 7 1 24 2
A n a l y s i s  o f  V a r i a n c e  P r o c e d u r e
T u k e y ' s  S t u d e n t i z e d  R a n g e  (HSD) T e s t  f o r  v a r i a b l e :  X5
NOTE:  T h i s  t e s t  c o n t r o l s  t h e  t y p e  I  e x p e r i m e n t w i s e  e r r o r  r a t e ,  b u t  
g e n e r a l l y  h a s  a  h i g h e r  t y p e  I I  e r r o r  r a t e  t h a n  REGWQ.
A l p h a =  0 . 0 5  d f =  44 MSE= 9 7 2 2 . 5 5 1  
C r i t i c a l  V a l u e  o f  S t u d e n t i z e d  R a n g e =  2 . 8 5 0  
M i n i m u m  S i g n i f i c a n t  D i f f e r e n c e =  5 7 . 3 6 8
M e a n s  w i t h  t h e  same l e t t e r  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t .
T u k e y  G r o u p i n g Mean N MI R
A 2 9 9 . 7 1 24 1
A
A 257  . 33 24 2
A n a l y s i s  o f  V a r i a n c e  P r o c e d u r e
T u k e y ' s  S t u d e n t i z e d  R a n g e  (HSD) T e s t  f o r  v a r i a b l e :  X6
NOTE:  T h i s  t e s t  c o n t r o l s  t h e  t y p e  I  e x p e r i m e n t w i s e  e r r o r  r a t e ,  b u t  
g e n e r a l l y  h a s  a h i g h e r  t y p e  I I  e r r o r  r a t e  t h a n  REGWQ.
A l p h a =  0 . 0 5  d f = 44  MSE= 1 3 1 8 0 . 8 5  
C r i t i c a l  V a l u e  o f  S t u d e n t i z e d  R a n g e =  2 . 8 5 0  
M i n i m u m  S i g n i f i c a n t  D i f f e r e n c e =  6 6 . 7 9 6
M e a n s  w i t h  t h e  same l e t t e r  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t .
T u k e y  G r o u p i n g  Me an  N M I R
A
A
A
3 1 3 . 1 2  24 1
252.50 24 2
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T u k e y ' s  S t u d e n t i z e d  R a n g e  (HSD) T e s t  f o r  v a r i a b l e :  X7
NOTE:  T h i s  t e s t  c o n t r o l s  t h e  t y p e  I  e x p e r i m e n t w i s e  e r r o r  r a t e ,  b u t  
g e n e r a l l y  h a s  a  h i g h e r  t y p e  X I  e r r o r  r a t e  t h a n  REGWQ.
A l p h a =  0 . 0 5  d f = 44 MSE= 7 3 6 9 . 3 3 7  
C r i t i c a l  V a l u e  o f  S t u d e n t i z e d  R a n g e =  2 . 8 5 0  
M i n i m u m  S i g n i f i c a n t  D i f f e r e n c e =  4 9 . 9 4 5
Me a n s  w i t h  t h e  same l e t t e r  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t .
T u k e y  G r o u p i n g Me an N M I R
A 2 7 6 . 3 7 24 1
A
A 2 6 5  . 62 24 2
A n a l y s i s  o f  V a r i a n c e  P r o c e d u r e
T u k e y ' s  S t u d e n t i z e d  R a n g e  (HSD) T e s t  f o r  v a r i a b l e :  X8
NOTE:  T h i s  t e s t  c o n t r o l s  t h e  t y p e  I  e x p e r i m e n t w i s e  e r r o r  r a t e ,  b u t  
g e n e r a l l y  h a s  a  h i g h e r  t y p e  I I  e r r o r  r a t e  t h a n  REGWQ.
A l p h a =  0 . 0 5  d f = 44 MSE= 9 3 4 0 . 8 8 8  
C r i t i c a l  V a l u e  o f  S t u d e n t i z e d  R a n g e =  2 . 8 5 0  
M i n i m u m  S i g n i f i c a n t  D i f f e r e n c e =  5 6 . 2 3 1
Me a n s  w i t h  t h e  s ame l e t t e r  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t .
T u k e y  G r o u p i n g Me an N M I R
A 3 0 1 . 7 9 24 1
A
A 2 5 0 . 0 0 24 2
A n a l y s i s  o f  V a r i a n c e  P r o c e d u r e
T u k e y ' s  S t u d e n t i z e d  R a n g e  (HSD) T e s t  f o r  v a r i a b l e :  X9
NOTE:  T h i s  t e s t  c o n t r o l s  t h e  t y p e  I  e x p e r i m e n t w i s e  e r r o r  r a t e ,  b u t  
g e n e r a l l y  h a s  a  h i g h e r  t y p e  I I  e r r o r  r a t e  t h a n  REGWQ.
A l p h a =  0 . 0 5  d f = 44 MSE= 1 2 0 8 2 . 1 2  
C r i t i c a l  V a l u e  o f  S t u d e n t i z e d  R a n g e =  2 . 8 5 0  
M i n i m u m  S i g n i f i c a n t  D i f f e r e n c e =  6 3 . 9 5 2
Me a n s  w i t h  t h e  same l e t t e r  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t .
T u k e y  G r o u p i n g  Me a n  N M I R
A
A
A
2 7 1 . 7 1  24 1
249.75 24 2
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T u k e y ' s  S t u d e n t i z e d  R a n g e  (HSD) T e s t  f o r  v a r i a b l e :  X10
NOTE:  T h i s  t e s t  c o n t r o l s  t h e  t y p e  I  e x p e r i m e n t w i s e  e r r o r  r a t e ,  b u t  
g e n e r a l l y  h a s  a h i g h e r  t y p e  I I  e r r o r  r a t e  t h a n  REGWQ.
A l p h a =  0 . 0 5  d f =  44 MSE= 1 2 9 8 6 . 5 1  
C r i t i c a l  V a l u e  o f  S t u d e n t i z e d  R a n g e =  2 . 8 5 0  
M i n i m u m  S i g n i f i c a n t  D i f f e r e n c e =  6 6 . 3 0 2
M e a n s  w i t h  t h e  same l e t t e r  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t .
T u k e y  G r o u p i n g Me an N MI R
A 2 8 3 . 0 0 24 1
A
A 2 6 2 . 0 0 24 2
A n a l y s i s  o f  V a r i a n c e  P r o c e d u r e
T u k e y ' s  S t u d e n t i z e d  R a n g e  (HSD) T e s t  f o r  v a r i a b l e :  X l l
NOTE:  T h i s  t e s t  c o n t r o l s  t h e  t y p e  I  e x p e r i m e n t w i s e  e r r o r  r a t e ,  b u t  
g e n e r a l l y  h a s  a  h i g h e r  t y p e  I I  e r r o r  r a t e  t h a n  REGWQ.
A l p h a =  0 . 0 5  d f =  44 MSE= 7 9 1 9 . 3 6  
C r i t i c a l  V a l u e  o f  S t u d e n t i z e d  R a n g e =  2 . 8 5 0  
M i n i m u m  S i g n i f i c a n t  D i f f e r e n c e =  5 1 . 7 7 6
M e a n s  w i t h  t h e  same l e t t e r  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t .
T u k e y  G r o u p i n g  Me a n  N M I R
A 2 6 7 . 8 3  24 1
A
A 2 4 0 . 0 8  24 2
A n a l y s i s  o f  V a r i a n c e  P r o c e d u r e
T u k e y ' s  S t u d e n t i z e d  R a n g e  (HSD) T e s t  f o r  v a r i a b l e :  X12
NOTE:  T h i s  t e s t  c o n t r o l s  t h e  t y p e  I  e x p e r i m e n t w i s e  e r r o r  r a t e ,  b u t  
g e n e r a l l y  h a s  a h i g h e r  t y p e  I I  e r r o r  r a t e  t h a n  REGWQ.
A l p h a =  0 . 0 5  d f = 44 MSE= 7 9 7 2 . 1 1  
C r i t i c a l  V a l u e  o f  S t u d e n t i z e d  R a n g e =  2 . 8 5 0  
M i n i m u m  S i g n i f i c a n t  D i f f e r e n c e =  5 1 . 9 4 8
M e a n s  w i t h  t h e  same l e t t e r  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t .
T u k e y  G r o u p i n g  Me a n  N M I R
A 2 8 1 . 9 2  24 1
A
A 272.92 24 2
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Analysis of Variance Procedure
L e v e l o f L e v e l o f -----------------------------------------X I -------------------------------------- ------------------------------------------X2
ACQ M I R N Me an  SD Me an SD
1 1 12 3 6 2 . 0 8 3 3 3 3  8 2 . 0 5 5 9 2 1 2 9 4 . 0 0 0 0 0 0 1 0 2 . 0 9 7 1 0 2
1 2 12 3 1 4 . 6 6 6 6 6 7  1 1 8 . 2 5 6 5 2 7 2 8 4 . 3 3 3 3 3 3 83 . 9 6 7 8 8 7
2 1 12 3 8 7 . 1 6 6 6 6 7  1 3 8 . 1 2 4 9 9 8 3 5 6 . 0 8 3 3 3 3 1 2 1 . 4 0 2 0 0 6
2 2 12 3 2 9 . 3 3 3 3 3 3  8 4 . 6 0 7 4 7 2 2 8 8 . 0 0 0 0 0 0 8 9 . 5 0 1 6 5 1
L e v e l o f L e v e l o f -----------------------------------------X 3 -------------------------------------- -----------------------------------------X4 ■_____ ____
ACQ MI R N Me an  SD Me a n SD
1 1 12 3 1 7 . 1 6 6 6 6 7  1 1 7 . 3 6 2 5 5 7 2 5 6 . 6 6 6 6 6 7 4 8 . 8 5 1 0 4 1 4
1 2 12 2 8 2 . 2 5 0 0 0 0  7 9 . 3 1 8 8 3 3 2 7 6  . 8 3 3 3 3 3 7 5 . 1 4 9 3 4 6 3
2 1 12 4 0 8 . 2 5 0 0 0 0  1 6 3 . 0 5 6 1 1 1 3 1 2 . 7 5 0 0 0 0 92 . 1 8 4 7 2 0 7
2 2 12 2 7 3 . 6 6 6 6 6 7  1 1 0 . 8 2 9 3 8 0 2 5 0 . 5 8 3 3 3 3 99 . 0 3 5 7 6 7 9
L e v e l o f L e v e l o f -----------------------------------------X 5 -------------------------------------- ------------------------------------------X6 -_________
ACQ M I R N Me a n  SD Me a n SD
1 1 12 2 9 9 . 3 3 3 3 3 3  1 0 1 . 4 1 9 3 2 2 3 2 3  . 9 1 6 6 6 7 1 08  . 7 8 5 4 0 9
1 2 12 2 6 1 . 6 6 6 6 6 7  6 9 . 1 2 6 1 4 7 2 4 1 . 5 8 3 3 3 3 9 9 . 0 8 0 7 3 7
2 1 12 3 0 0 . 0 8 3 3 3 3  1 3 5 . 7 8 7 5 7 4 3 0 2  . 3 3 3 3 3 3 1 4 3 . 6 1 5 8 6 0
2 2 12 2 5 3 . 0 0 0 0 0 0  7 3 . 4 0 0 5 2 0 263  . 4 1 6 6 6 7 1 0 2 . 2 0 8 7 5 1
L e v e l o f L e v e l o f -----------------------------------------X 7 -------------------------------------- -----------------------------------------X8- _________
ACQ M I R N Me a n  SD Me a n SD
1 1 12 2 5 9 . 8 3 3 3 3 3  7 4 . 8 7 3 0 2 4 2 8 5 . 1 6 6 6 6 7 89 . 3 4 2 8 8 7
1 2 12 2 4 0 . 0 0 0 0 0 0  5 8 . 6 9 0 2 5 0 2 4 3 . 7 5 0 0 0 0 7 9 . 1 5 7 0 6 5
2 1 12 2 9 2 . 9 1 6 6 6 7  9 8 . 4 5 7 6 1 3 3 1 8 . 4 1 6 6 6 7 1 1 7 . 5 9 2 8 7 1
2 2 12 2 9 1 . 2 5 0 0 0 0  1 0 3 . 5 9 9 8 6 4 2 5 6 . 2 5 0 0 0 0 96 . 3 7 1 5 5 8
L e v e l o f L e v e l o f -----------------------------------------X9- ---------------- ------------------- x io -
ACQ MI R N Mean SD Me a n SD
1 1 12 2 4 9 . 7 5 0 0 0 0 1 1 2 . 3 9 7 9 3 3 2 5 9  . 7 5 0 0 0 0 1 5 6 . 0 5 3 6 7 7
1 2 12 2 2 6  . 8 3 3 3 3 3 6 0 . 3 6 5 3 0 2 2 4 1 . 0 8 3 3 3 3 4 4 . 7 3 2 4 5 4
2 1 12 293  . 6 6 6 6 6 7 9 7 . 0 3 0 7 6 7 3 0 6 . 2 5 0 0 0 0 1 2 1 . 5 3 6 4 7 0
2 2 12 2 7 2 . 6 6 6 6 6 7 1 5 0 . 4 5 3 4 5 6 282  . 9 1 6 6 6 7 1 0 4 . 0 2 4 8 7 3
L e v e l o f L e v e l o f ---------------- X l l - --------------------------------------X 1 2 -
ACQ M I R N Mean SD Me an SD
1 1 12 265  . 6 6 6 6 6 7 6 8 . 2 7 6 6 2 1 2 5 8 . 3 3 3 3 3 3 66 . 8 9 5 2 1 4
1 2 12 225  . 4 1 6 6 6 7 8 2 . 3 2 9 1 1 6 2 7 8 . 0 8 3 3 3 3 106 . 4 4 9 6 9 6
2 1 12 270  . 0 0 0 0 0 0 9 7 . 9 2 1 1 1 9 3 0 5 . 5 0 0 0 0 0 91 . 3 1 5 1 3 9
2 2 12 2 5 4  . 7 5 0 0 0 0 103 . 1 9 4 5 4 3 2 6 7 . 7 5 0 0 0 0 8 7 . 9 9 7 0 3 0
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N Obs V a r i a b l e N M i n i m u m
&CQ=1 M I R = 1  -----------
Ma x i m u m Me a n S t d  De v
12 X I 12 2 5 9 . 0 0 0 0 0 0 0 5 2 0 . 0 0 0 0 0 0 0 3 6 2 . 0 8 3 3 3 3 3 8 2 . 0 5 5 9 2 1 4
X2 12 176  . 0 0 0 0 0 0 0 5 4 2 . 0 0 0 0 0 0 0 2 9 4 . 0 0 0 0 0 0 0 1 0 2 . 0 9 7 1 0 1 7
X3 12 190  . 0 0 0 0 0 0 0 6 2 0 . 0 0 0 0 0 0 0 3 1 7 . 1 6 6 6 6 6 7 117 . 3 6 2 5 5 6 6
X4 12 1 9 0 . 0 0 0 0 0 0 0 3 4 9 . 0 0 0 0 0 0 0 2 5 6 . 6 6 6 6 6 6 7 4 8 . 8 5 1 0 4 1 4
X5 12 128  . 0 0 0 0 0 0 0 4 6 8 . 0 0 0 0 0 0 0 2 9 9 . 3 3 3 3 3 3 3 1 0 1 . 4 1 9 3 2 1 6
X6 12 196  . 0 0 0 0 0 0 0 5 9 8 . 0 0 0 0 0 0 0 3 2 3 . 9 1 6 6 6 6 7 108  . 7 8 5 4 0 8 7
X I 12 137  . 0 0 0 0 0 0 0 3 7 7 . 0 0 0 0 0 0 0 2 5 9 . 8 3 3 3 3 3 3 74  . 8 7 3 0 2 3 8
X8 12 172 . 0 0 0 0 0 0 0 4 5 0 . 0 0 0 0 0 0 0 2 8 5 . 1 6 6 6 6 6 7 89 . 3 4 2 8 8 7 3
X9 12 142 . 0 0 0 0 0 0 0 5 0 0 . 0 0 0 0 0 0 0 2 4 9 . 7 5 0 0 0 0 0 112  . 3 9 7 9 3 3 5
X10 12 1 4 7 . 0 0 0 0 0 0 0 7 1 4 . 0 0 0 0 0 0 0 2 5 9 . 7 5 0 0 0 0 0 1 5 6  . 0 5 3 6 7 6 7
X l l 12 1 8 6 . 0 0 0 0 0 0 0 4 0 5 . 0 0 0 0 0 0 0 2 6 5 . 6 6 6 6 6 6 7 68 . 2 7 6 6 2 1 0
X12 12 1 2 9  . 0 0 0 0 0 0 0 4 0 4 . 0 0 0 0 0 0 0 2 5 8 . 3 3 3 3 3 3 3 6 6 . 8 9 5 2 1 4 3
ACQ=1 MI R= 2
N Obs V a r i a b l e N M i n i m u m M a x i m u m Me an S t d  D e v
12 X I 12 1 4 8  . 0 0 0 0 0 0 0 6 1 8 . 0 0 0 0 0 0 0 3 1 4 . 6 6 6 6 6 6 7 1 1 8 . 2 5 6 5 2 6 5
X2 12 1 9 0 . 0 0 0 0 0 0 0 4 7 6  . 0 0 0 0 0 0 0 2 8 4 . 3 3 3 3 3 3 3 8 3 . 9 6 7 8 8 7 1
X3 12 1 9 7 . 0 0 0 0 0 0 0 483 . 0 0 0 0 0 0 0 2 8 2 . 2 5 0 0 0 0 0 7 9 . 3 1 8 8 3 3 0
X4 12 1 9 6 . 0 0 0 0 0 0 0 4 3 7 . 0 0 0 0 0 0 0 2 7 6  . 8 3 3 3 3 3 3 7 5 . 1 4 9 3 4 6 3
X5 12 1 6 1 . 0 0 0 0 0 0 0 3 9 0 . 0 0 0 0 0 0 0 2 6 1 . 6 6 6 6 6 6 7 6 9 .  1 2 6 1 4 7 3
X6 12 1 4 1 . 0 0 0 0 0 0 0 493  . 0 0 0 0 0 0 0 2 4 1 .  5 8 3 3 3 3 3 9 9 . 0 8 0 7 3 6 9
X I 12 1 6 4 . 0 0 0 0 0 0 0 3 3 5 . 0 0 0 0 0 0 0 2 4 0 . 0 0 0 0 0 0 0 5 8 . 6 9 0 2 5 0 1
X8 12 1 6 6 . 0 0 0 0 0 0 0 4 2 4  . 0 0 0 0 0 0 0 2 4 3 . 7 5 0 0 0 0 0 7 9 . 1 5 7 0 6 4 8
X9 12 1 3 3 . 0 0 0 0 0 0 0 378  . 0 0 0 0 0 0 0 2 2 6 . 8 3 3 3 3 3 3 6 0 . 3 6 5 3 0 2 1
X I 0 12 1 5 7 . 0 0 0 0 0 0 0 3 1 0  . 0 0 0 0 0 0 0 2 4 1 . 0 8 3 3 3 3 3 4 4 . 7 3 2 4 5 3 8
X l l 12 1 3 2 . 0 0 0 0 0 0 0 4 2 7 . 0 0 0 0 0 0 0 2 2 5 . 4 1 6 6 6 6 7 82 . 3 2 9 1 1 6 0
X12 12 1 3 4 . 0 0 0 0 0 0 0 4 5 4 . 0 0 0 0 0 0 0 278  . 0 8 3 3 3 3 3 1 0 6 . 4 4 9 6 9 6 5
ACQ=2 M I R = 1
N Obs V a r i a b l e N M i n i m u m M a x i mu m Me a n S t d  De v
12 X I 12 2 4 9 . 0 0 0 0 0 0 0 7 6 8  . 0 0 0 0 0 0 0 3 8 7  . 1 6 6 6 6 6 7 1 3 8 . 1 2 4 9 9 8 3
X2 12 1 6 1 .  0 0 0 0 0 0 0 6 0 2 . 0 0 0 0 0 0 0 3 5 6 . 0 8 3 3 3 3 3 1 2 1 . 4 0 2 0 0 5 6
X3 12 2 0 5 . 0 0 0 0 0 0 0 7 1 4 . 0 0 0 0 0 0 0 4 0 8 . 2 5 0 0 0 0 0 1 6 3 . 0 5 6 1 1 1 4
X4 12 1 6 9 . 0 0 0 0 0 0 0 5 1 9 . 0 0 0 0 0 0 0 3 1 2 . 7 5 0 0 0 0 0 9 2 . 1 8 4 7 2 0 7
X5 12 1 2 5 . 0 0 0 0 0 0 0 6 7 1 . 0 0 0 0 0 0 0 3 0 0 . 0 8 3 3 3 3 3 1 3 5  . 7 8 7 5 7 3 6
X6 12 1 6 0 . 0 0 0 0 0 0 0 6 8 5 . 0 0 0 0 0 0 0 3 0 2 . 3 3 3 3 3 3 3 143 . 6 1 5 8 5 9 7
X7 12 1 7 3 . 0 0 0 0 0 0 0 5 4 8 . 0 0 0 0 0 0 0 2 9 2  . 9 1 6 6 6 6 7 98 . 4 5 7 6 1 2 8
X8 12 1 7 1 . 0 0 0 0 0 0 0 6 4 4 . 0 0 0 0 0 0 0 3 1 8 . 4 1 6 6 6 6 7 117  . 5 9 2 8 7 1 1
X9 12 1 6 0 . 0 0 0 0 0 0 0 5 0 9 . 0 0 0 0 0 0 0 2 9 3 . 6 6 6 6 6 6 7 97 . 0 3 0 7 6 6 8
X I 0 12 1 7 7 . 0 0 0 0 0 0 0 5 5 2 . 0 0 0 0 0 0 0 306  . 2 5 0 0 0 0 0 1 2 1 . 5 3 6 4 7 0 4
X l l 12 1 1 9 . 0 0 0 0 0 0 0 5 0 0 . 0 0 0 0 0 0 0 2 7 0  . 0 0 0 0 0 0 0 97 . 9 2 1 1 1 8 5
X12 12 2 1 7 . 0 0 0 0 0 0 0 5 3 6 . 0 0 0 0 0 0 0 3 0 5 . 5 0 0 0 0 0 0 91 . 3 1 5 1 3 8 6
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N Obs V a r i a b l e N M i n i m u m M a x i mu m Me an S t d  De v
12 X I 12 188  . 0 0 0 0 0 0 0 4 5 8 . 0 0 0 0 0 0 0 3 2 9 . 3 3 3 3 3 3 3 84 . 6 0 7 4 7 1 6
X2 12 1 8 2 . 0 0 0 0 0 0 0 4 7 6  . 0 0 0 0 0 0 0 2 8 8  . 0 0 0 0 0 0 0 8 9 . 5 0 1 6 5 0 6
X3 12 1 3 6 . 0 0 0 0 0 0 0 4 8 3 . 0 0 0 0 0 0 0 273  . 6 6 6 6 6 6 7 1 1 0 . 8 2 9 3 8 0 2
X4 12 1 4 8  . 0 0 0 0 0 0 0 4 3 7 . 0 0 0 0 0 0 0 2 5 0 . 5 8 3 3 3 3 3 9 9 . 0 3 5 7 6 7 9
X5 12 1 5 9 . 0 0 0 0 0 0 0 4 1 4 . 0 0 0 0 0 0 0 2 5 3 . 0 0 0 0 0 0 0 7 3 . 4 0 0 5 2 0 2
X6 12 1 3 0 . 0 0 0 0 0 0 0 4 9 3 . 0 0 0 0 0 0 0 2 6 3 . 4 1 6 6 6 6 7 1 0 2 . 2 0 8 7 5 1 0
X7 12 1 6 9 . 0 0 0 0 0 0 0 5 6 4 . 0 0 0 0 0 0 0 2 9 1 . 2 5 0 0 0 0 0 1 0 3 . 5 9 9 8 6 4 0
X8 12 1 4 7 . 0 0 0 0 0 0 0 4 2 4 . 0 0 0 0 0 0 0 2 5 6 . 2 5 0 0 0 0 0 9 6 . 3 7 1 5 5 8 4
X9 12 1 4 8 . 0 0 0 0 0 0 0 7 1 4 . 0 0 0 0 0 0 0 272  . 6 6 6 6 6 6 7 1 5 0 . 4 5 3 4 5 6 0
X10 12 1 4 5 . 0 0 0 0 0 0 0 5 5 7 . 0 0 0 0 0 0 0 2 8 2  . 9 1 6 6 6 6 7 1 0 4 . 0 2 4 8 7 3 2
X l l 12 1 0 6 . 0 0 0 0 0 0 0 4 2 7 . 0 0 0 0 0 0 0 2 5 4  . 7 5 0 0 0 0 0 1 0 3 . 1 9 4 5 4 2 7
X12 12 1 6 7 . 0 0 0 0 0 0 0 4 5 4 . 0 0 0 0 0 0 0 2 6 7 . 7 5 0 0 0 0 0 8 7 . 9 9 7 0 2 9 9
OBS ACQ M I R X I X2 X3 X4 X5 X6 X7 X8 X9 X10 X l l X12
1 1 1 331 176 190 2 7 9 191 303 235 2 1 4 142 147 241 185
2 1 1 268 342 341 2 7 9 327 399 222 2 6 9 181 203 186 291
3 1 1 364 264 254 214 3 2 9 254 368 3 0 6 4 5 9 391 351 277
4 1 1 301 250 303 2 0 1 243 295 169 2 2 8 2 2 1 2 3 0 270 240
5 1 1 448 542 620 325 298 598 326 4 0 6 500 230 345 404
6 1 1 520 4 2 4 372 207 4 4 4 424 377 402 178 171 261 304
7 1 1 259 239 211 190 128 196 195 202 205 183 227 245
8 1 1 460 296 380 2 5 6 1 9 6 237 282 233 224 196 210 226
9 1 1 322 220 265 2 7 1 286 231 137 172 209 178 189 129
10 1 1 411 2 7 9 362 349 468 328 300 4 5 0 255 7 1 4 405 287
11 1 1 299 202 191 252 383 298 247 2 5 5 173 2 1 4 237 254
12 1 1 362 294 317 257 299 324 2 6 0 285 250 260 266 258
13 1 2 335 2 5 4 370 314 2 3 4 176 291 322 240 278 224 447
14 1 2 376 247 250 2 1 9 212 214 335 193 173 279 171 190
15 1 2 265 2 4 4 197 233 238 176 198 218 2 3 0 234 327 198
16 1 2 298 247 242 219 223 177 172 222 133 157 144 134
17 1 2 325 2 7 0 305 254 2 5 9 170 175 166 223 236 206 191
OBS ACQ M I R X I X2 X3 X4 X5 X6 X7 X8 X9 X10 X l l X12
18 1 2 390 282 318 3 5 1 2 4 4 355 164 192 217 288 271 374
19 1 2 242 432 2 5 1 364 378 2 9 1 236 195 223 2 2 4 199 267
20 1 2 206 280 2 7 1 2 8 6 390 242 230 236 279 211 217 342
21 1 2 618 272 258 2 4 4 269 216 233 353 223 269 190 292
22 1 2 323 190 233 205 2 0 8 248 282 2 0 5 226 216 197 264
23 1 2 250 476 483 437 3 2 4 493 329 4 2 4 378 310 427 4 5 4
24 1 2 148 218 209 196 161 141 235 199 177 191 132 184
25 2 1 249 410 402 332 2 6 0 362 234 3 2 6 323 329 226 232
26 2 1 472 316 336 3 3 5 238 219 255 262 184 223 287 217
27 2 1 332 370 242 253 2 8 4 177 227 223 291 238 271 260
28 2 1 360 240 206 207 125 249 287 2 7 2 2 4 5 2 0 0 135 219
29 2 1 349 300 319 271 2 9 8 266 271 236 231 194 239 279
30 2 1 331 161 205 169 165 160 173 171 160 177 119 299
31 2 1 439 476 487 4 0 4 275 326 388 320 4 3 0 426 348 338
32 2 1 281 295 621 297 306 415 2 4 4 359 308 286 284 296
33 2 1 263 265 7 1 4 3 7 1 398 293 352 342 292 4 8 6 250 417
34 2 1 768 602 564 519 671 685 548 644 509 552 500 536
OBS
35
36
37
38
39
40
41
42
43
44
45
46
47
48
54
ACQ M I R X I X2 X3 X4 X5
2 1 415 482 395 282 2 8 1
2 1 387 356 408 313 3 0 0
2 2 458 379 358 2 5 9 302
2 2 347 280 211 178 248
2 2 402 2 8 4 267 177 2 0 2
2 2 397 398 386 415 414
2 2 209 235 136 194 185
2 2 335 182 186 1 8 4 2 1 1
2 2 188 191 160 148 159
2 2 426 276 4 1 4 302 228
2 2 2 5 0 476 483 437 3 2 4
2 2 3 2 6 246 264 2 4 6 289
2 2 286 206 212 150 184
2 2 328 303 207 317 290
X6 X7 X8 X9 X 1 0 X l l X12
174 243 3 4 8 257 2 5 8 311 267
302 293 3 1 8 2 9 4 3 0 6 270 306
290 294 2 1 0 2 5 9 273 232 300
176 271 2 1 7 283 242 195 221
310 2 7 0 3 0 5 232 3 0 6 154 212
383 564 4 1 0 2 9 8 557 421 373
210 179 147 148 177 225 233
203 2 0 4 2 6 0 150 2 2 5 158 167
154 169 154 150 145 106 187
290 311 3 5 5 298 3 1 8 307 366
493 329 4 2 4 7 1 4 310 427 454
247 270 179 209 327 305 231
130 272 233 290 295 201 266
275 362 181 2 4 1 2 2 0 326 203
APPENDIX V
data CAROL;
" ‘ ANALYSIS FOR CAROL'S THESIS EXP 2 RETENTION***; 
***DATA SETS FOR THIS PROGRAM =CI2rmsr.sas, CI2ver.sas***; 
INFILE'a:cl2RMSR.SAS'; 
input ACQ RETX1;
cards;
proc anova; CLASS ACQ RET;
model X1=ACQ RET ACQ*RET;
MEANS ACQ RET ACQ*RET/TUKEY;
run;
proc sort; by acq ret; run;
proc means mean stderr; by acq ret;
run;
proc print; 
run;
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A n a l y s i s  o f  V a r i a n c e  P r o c e d u r e  
C l a s s  L e v e l  I n f o r m a t i o n
C l a s s  L e v e l s  V a l u e s
ACQ 2 1 2
RET 2 1 2
N u m b e r  o f  o b s e r v a t i o n s  i n  d a t a  s e t  = 48 
A n a l y s i s  o f  V a r i a n c e  P r o c e d u r e
D e p e n d e n t
S o u r c e
V a r i a b l e : X I
DF
Sum o f  
S q u a r e s
Me a n
S q u a r e F V a l u e P r  > F
M o d e l 3 9 3 8 8 . 2 5 0 0 0 0 3 1 2 9 . 4 1 6 6 6 7 0 . 6 5 0 . 5 8 4 6
E r r o r 44 2 1 0 4 8 7 . 6 6 6 6 6 7 4 7 8 3  . 8 1 0 6 0 6
C o r r e c t e d T o t a l 47 2 1 9 8 7 5 . 9 1 6 6 6 7
R-- S q u a r e C . V . R o o t  MSE X I  Me a n
0 . 0 4 2 6 9 8 2 4 .  6 9 8 1 4 6 9 . 1 6 5 1 0 2 8 0 . 0 4 1 6 6 7
A n a l y s i s  o f  V a r i a n c e P r o c e d u r e
D e p e n d e n t V a r i a b l e : X I
S o u r c e DF A n o v a  SS Me an  S q u a r e F V a l u e P r  > F
ACQ
RET
ACQ*RET
1
1
1
444  . 0 8 3 3 3 3  
2 9 1 4 . 0 8 3 3 3 3  
6 0 3 0  . 0 8 3 3 3 3
4 4 4 . 0 8 3 3 3 3  
2 9 1 4 . 0 8 3 3 3 3  
6 0 3 0  . 0 8 3 3 3 3
0 . 0 9
0 . 6 1
1 . 2 6
0 . 7 6 2 0  
0 . 4 3 9 3  
0 . 2 6 7 6
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Analysis of Variance Procedure
T u k e y ' s  S t u d e n t i z e d  R a n g e  (HSD) T e s t  f o r  v a r i a b l e :  X I
NOTE:  T h i s  t e s t  c o n t r o l s  t h e  t y p e  I  e x p e r i m e n t w i s e  e r r o r  r a t e ,  b u t  
g e n e r a l l y  h a s  a h i g h e r  t y p e  I I  e r r o r  r a t e  t h a n  REGWQ.
A l p h a =  0 . 0 5  d f = 44  MSE= 4 7 8 3 . 8 1 1  
C r i t i c a l  V a l u e  o f  S t u d e n t i z e d  R a n g e =  2 . 8 5 0  
M i n i m u m  S i g n i f i c a n t  D i f f e r e n c e =  4 0 . 2 4 1
Me a n s  w i t h  t h e  same l e t t e r  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t .
T u k e y  G r o u p i n g Me a n N ACQ
A 2 8 3 . 0 8 24 2
A
A 2 7 7 . 0 0 24 1
A n a l y s i s  o f  V a r i a n c e  P r o c e d u r e
T u k e y ’ s S t u d e n t i z e d  R a n g e  (HSD) T e s t  f o r  v a r i a b l e :  X I
NOTE:  T h i s  t e s t  c o n t r o l s  t h e  t y p e  I  e x p e r i m e n t w i s e  e r r o r  r a t e ,  b u t  
g e n e r a l l y  h a s  a  h i g h e r  t y p e  I I  e r r o r  r a t e  t h a n  REGWQ.
A l p h a =  0 . 0 5  d f = 44  MSE= 4 7 8 3 . 8 1 1  
C r i t i c a l  V a l u e  o f  S t u d e n t i z e d  R a n g e =  2 . 8 5 0  
M i n i m u m  S i g n i f i c a n t  D i f f e r e n c e =  4 0 . 2 4 1
Me a n s  w i t h  t h e  s ame l e t t e r  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t .
T u k e y  G r o u p i n g  M e a n  N RET
A  2 8 7 . 8 3  24  2
A
A  2 7 2 . 2 5  24  1
A n a l y s i s  o f  V a r i a n c e  P r o c e d u r e
L e v e l  o f  L e v e l  o f   X I ----------------------------------------------
ACQ RET N M e a n  SD
1 1 12 2 8 0 . 4 1 6 6 6 7  5 2 . 9 3 8 1 4 2 9
1 2 12 2 7 3 . 5 8 3 3 3 3  7 0 . 7 2 2 8 3 7 2
2 1 12 2 6 4 . 0 8 3 3 3 3  7 3 . 9 8 4 5 9 0 9
2 2 12 3 0 2 . 0 8 3 3 3 3  7 6 . 5 3 3 3 6 5 7
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A n a l y s i s  V a r i a b l e  : X I
---------------------------------------- ACQ=1 RET=1-----------------------------------
N Obs  Me a n  S t d  E r r o r
12 2 8 0 . 4 1 6 6 6 6 7  1 5 . 2 8 1 9 2 5 5
------------------------------------------ ACQ=1 RET=2 --------------------------------
N Obs Me a n  S t d  E r r o r
12 2 7 3 . 5 8 3 3 3 3 3  2 0 . 4 1 5 9 2 4 5
----------------------------------------- ACQ=2 RET=1 ---------------------------------
N Obs  Me a n  S t d  E r r o r
12 2 6 4 . 0 8 3 3 3 3 3  2 1 . 3 5 7 5 1 1 7
  ACQ=2 RET=2 ---------------------------------
N Obs  Me a n  S t d  E r r o r
12 3 0 2 . 0 8 3 3 3 3 3  2 2 . 0 9 3 2 7 9 6
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OBS ACQ
1 1
2 1
3 1
4 1
5 1
6 1
7 1
8 1
9 1
10 1
11 1
12 1
13 1
14 1
15 1
16 1
17 1
18 1
19 1
20 1
21 1
22 1
23 1
24 1
25 2
26 2
27 2
28 2
29 2
30 2
31 2
32 2
33 2
34 2
35 2
36 2
37 2
38 2
39 2
40 2
41 2
42 2
43 2
44 2
45 2
46 2
47 2
48 2
RET X I
1 3 6 5
1 319
1 2 9 8
1 333
1 276
1 200
1 2 5 4
1 318
1 3 06
1 2 3 5
1 193
1 2 68
2 3 4 4
2 293
2 4 0 0
2 1 44
2 2 2 1
2 206
2 273
2 208
2 337
2 3 0 9
2 2 7 4
2 2 7 4
1 3 0 7
1 329
1 4 1 7
1 252
1 2 4 2
1 203
1 1 3 1
1 2 8 8
1 2 1 9
1 2 8 8
1 2 9 6
1 197
2 4 7 0
2 2 8 8
2 4 2 1
2 2 0 0
2 319
2 2 4 7
2 2 9 5
2 297
2 2 9 5
2 302
2 217
2 2 7 4
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